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Introduction
The pressure exerted on the soil either by anthropic or natural action results in the rearrangement and compaction of soil particles. This, when in excess, causes physical-hydrological impediments to proper root development (Reichert et al., 2009) , destroys the plant's sustenance, aeration, reducing the availability of water, as well as the absorption of nutrients (Lima et al., 2007; Obour et al., 2017) . This recurrent dynamics in the current agricultural systems is known as soil compaction.
Soil compaction can be observed visually by observing morphological deformations in the plant root system and by analyzing soil attributes, such as soil density, penetration resistance and optimum water interval that correlate with compaction (Lima et al., 2007; Reinert et al., 2008 ).
The range of soil density restrictive to plant growth and development is variable and dependent on several factors. The morphology of the root system, the plant species, and the cultivars present specific responses to changes in soil density. Thus, it is fundamental to study the response of each crop to soil compaction, especially in the highly mechanized agricultural scenario, in which the need to perform agricultural operations due to weather conditions contrasts with the ideal working moisture range, to the Bonfim- Silva et al. (2018) / Safflower genotypes... Com . Sci., Bom Jesus, v.9, n.2, p.142-153, Apr./Jun. 2018 detriment of the soil physical quality (Genro Junior et al., 2004) .
The compacted soil layer varies according to the condition to which it is subjected, agricultural operation and the water content during the same period. Research indicates that restrictive impediments to plant growth from 0.03 to 0.30 m depth, can be found in the general agricultural production system (Genro Junior et al., 2004; Reinert et al., 2008; Freddi et al., 2009) and the possibility of compaction increases with successive agricultural operations (Sivarajan et al., 2018) .
Thus, for the incorporation of new plant species into the cropping systems, the response of the crop to the physical alterations of the soil must be considered, to ensure adaptability to the system and the best way of utilizing it. An alternative crop to the Brazilian agroecosystem is safflower (Carthamus tinctorius L.) (Galant et al., 2015) .
Although little cultivated in Brazil, safflower is a promising crop for the Brazilian Cerrado.
Oilseed has a high oil content in its seeds, with applications in industry as well as for food and feed. Due to its ecophysiology, safflower may be a viable option for second crop cultivation in the State of Mato Grosso (Bonfim- .
Therefore, an in-depth study of the response of safflower genotypes to the physical alteration of the soil for this region is necessary, aiming at a better crop recommendation to ensure that the potential of the crop is explored.
The objective of this study was to evaluate the phytometric components and dry mass production of safflower genotypes submitted to different soil densities in Oxisol from the Cerrado. pH Sand Silt Clay 
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where:
ρs -soil density (kg dm -3 ); M DS -Mass of dry soil (kg) and V T -Total ring volume (3.14 dm -3 ). The collected data were submitted to ANOVA and, if significant, submitted to polynomial regression analysis for soil density levels and Scott-Knott test for the genotypes.
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The analyses were performed using the Sisvar program (Ferreira et al., 2011 ), considering the 5% probability level.
Results and discussion
Plants height
There was a statistical difference between the genotypes as a function of the evaluation days (Table 2 ). This fact reveals differences in the genetic characteristics of safflower genotypes from the initial phase of their development. At 30 DAE, the genotype PI237538 stood alone with the highest plant height (32.22 cm). Means followed by the same letter in the column belongs to the same group according to Scott-Knott test at 5% of probability ***, **Significant at 0.1 % and 1 % probability, respectively. Rondonópolis -MT, 2014. CV -coefficient of variation.
At the beginning of the growth of some safflower genotypes, at 60 DAE, it was possible to observe two groups that presented higher heights (PI237538, PI301049, PI305173, PI305205, PI306596, and PI560202) followed by the second group with lower heights (PI248385, PI250196, PI306603 and PI613366).
In the evaluation performed at 90 DAE, 90% of the experimental units were flowered, and three distinct groups were formed. (Gao et al., 2016) .
Thus, the sustenance, absorption of water and nutrients are compromised, also there is increased susceptibility to water deficits, due to the concentration of roots in the soil surface layer and the low volume of soil that reduces the availability of water, in periods of drought.
Number of leaves
For the number of leaves, there was no significant interaction between safflower genotypes and soil densities in the evaluations performed at 30 and 60 days after plant emergence (DAE) ( Table 3 ). These results show that, for the evaluated genotypes, the soil density exerts a significant influence on the number of leaves until the beginning of the flowering of safflower plants.
It can be observed that in the safflower genotypes there was a reduction in the number of leaves with increased levels of soil density, and for the evaluations performed at 30 and 60 DAE, the number of leaves was described by the linear regression model ( Figure 3A and 3B ).
These results demonstrate that the increase in soil density influences the reduction in the number of safflower leaves. In a study by Means followed by the same letter in the column belongs to the same group according to Scott-Knott test at 5% of probability ***Significant at 0.1 % probability, respectively. Rondonópolis -MT, 2014. CV -coefficient of variation Ohland et al. (2014) , also observed that the increase in density levels in Oxisol, influenced the number of safflower and jatropha leaves, with quadratic effect as a function of soil density levels, up to a density of 1.26 Mg m -3 .
In the evaluation performed at 90 days after emergence, the number of leaves showed significant interaction between safflower genotypes and soil densities (Table 4) .
Safflower genotypes PI237538 and PI301049, fit the quadratic regression model as a function of soil density ( Figure 4A and 4C) . Thus, they demonstrate that the soil densities interfere negatively with the number of leaves of the safflower genotypes studied.
In the genotype PI301049, it was observed that at a soil density of 1.22 Mg m -3 , 453 leaves were produced, for the genotype PI237538 the best yield was found at 1.25 Mg m -3 soil density with 389 leaves (Figure 4 ). 
Stem diameter
For stem diameter, there was no significant interaction between genotypes and soil density levels. At 30, 60 and 90 DAE, genotypes PI250196 and PI613366 presented the best results for stem diameter (Table 5) .
At 30 DAE, the stem diameter variable Means followed by the same letter in the column belongs to the same group according to Scott-Knott test at 5% of probability. **Significant at 1 % probability. Rondonópolis -MT, 2014. CV -coefficient of variation.
fitted to the linear regression model ( Figure 5A ).
Thus, it can be observed that with increased soil density, there is a decrease in stem diameter of Com. Sci., Bom Jesus, v.9, n.2, p.142-153, Apr./Jun. 2018 Means followed by the same letter in the column belongs to the same group according to Scott-Knott test at 5% of probability ***Significant at 0.1 % probability. Rondonópolis -MT, 2014. CV -coefficient of variation. The results observed by Silva et al. (2012) corroborate those found in this study. When evaluating the stem diameter of crambe plants, they observed a reduction in stem growth when a physical impediment was found in the soil.
Therefore, interferences in the root system directly influence the aerial part (shoot) of the plant.
From the physical point of view, increased soil density, besides being an impediment to root growth, causes changes in plant water availability, aeration, and soil heat flux. These changes are predominant for proper root development of any species, some of which are more adaptable to these alterations (Lima et al., 2007) . However, the negative influence on water availability results in a decrease in the absorption of water and nutrients by plants, since they are absorbed via soil solution, resulting in lower growth and development (Taiz et al., 2017) . and the absorption and transportation are compromised (Buchanan et al., 2015) .
In a research on the effect of compacting a dystrophic Red Latosol (clay texture) on dwarf pigeon pea, adjustment to the linear regression model was observed at 33 days after emergence of the plants, for stem diameter, with a reduction of 38.49% due to the increase in soil density levels (Farias et al., 2013) .
Evaluating the optimum water range in Thus, it is evident that soil densities above 1.2 to 1.3 Mg m -3 cause physical impediments to root growth and development of various crops.
It is also assumed that, besides the physical impediment to growth, densities above the above-mentioned range, especially in clay soils, cause detriment to the aeration of the root system and water availability, which will compromise the growth and development of vegetative and reproductive structures of the safflower plant.
Research evidenced a greater susceptibility to compaction of a clayey Oxisol than a clay-sandy loam at humidity close to the field capacity in response to agricultural traffic.
They also verified a reduction in the pore volume and pore diameter, altering the water retention energy in the soil (Lima et al., 2017) .
Shoot dry mass
For the shoot dry mass, there was a significant interaction between the genotypes and soil densities (Table 6 and Figure 6 ). Means followed by the same letter in the column belongs to the same group according to Scott-Knott test at 5% of probability *Significant at 5 % probability. Rondonópolis -MT, 2014. CV -coefficient of variation.
At soil density of 1. 
Conclusions
Safflower genotypes presented different responses to soil density levels, with a mean reduction of 56.30% in all evaluated components. 
